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Immunological cross- reactivity between tumor ne- 
crosis factor (TNF) binding protein* which are preaemt 
in human urine (designated TOPI and TBPH) and two 
molecular specie* of the cell surface receptors for TNF 
is demonstrated. The two TNF receptors are shown to 
be immunologically distinct, to differ in molecular 
weight (58,000 and 73,000). and to be expressed dif- 
ferentially in different cells. It is further shown that 
polyclonal antibodies against one of the TNF binding 
proteins (TBPD display, by virtue of their ability to 
bind the TNF receptor, activities which are very sim- 
ilar to those of TNF. These antibodies are cytotoxic to 
cells which are sensitive to TNF toxicity, Induce re- 
sistance to TNF toxicity, enhance the Incorporation of 
thymidine into normal fibroblasts, inhibit the growth 
of chlamydia*, and induce the synthesis of prostaglan- 
din E». Monovalent F(ab) fragments of the polyclonal 
antibodies lack TNF-lihe activities, but acquire them 
upon croeB-lmking with anti-F(ab)a antibodies, sug- 
gesting that the ability of the anti-TBPI antibodies to 
mimic TNF correlates with their ability to cross-link 
the TNF receptors. This notion was further supported 
by data obtained in a comparative study of die TNF- 
like cytotoxicity of a panel of monoclonal antibodies 
against TBPL 

The induction of TNF-like effects by antibodies to a 
TNF receptor suggests that TNF is not directly in- 
volved In intracellular signalling. Rather, It is the 
receptors to this cytokine which, when properly trig- 
gered In a process which appears to involve clustering 
of these receptors, transduce the signal for response to 
TNF into the cell's interior. 


Two different concepts of the nature of tumor necrosis 
factor (TNF) 1 have directed the study of its mechanism of 


* This work was supported fay a grant from Inter-Lab Ltd* Nea- 
Ziona, Iirsfll as weli ft* by grant* (nun the National Council for 
Research and Development, Israel, the German Cancer Research 
Center, and the Deutsche Faraetjuiigsgen^nschaft 

*"*Td whom correspondence and reprint requests should be ad- 
dressed: Dept. of Molecular Genetics and Virology, The Weizmann 
Institute, Rehovot 76100, IiracL The costs of publication of this 
article were defrayed in part by the payment of page charges. This 
article must therefore be hereby marked "advertisement" in accord- 
ance with 18 US.C. Section 1734 solely to indicate this fact 

'The abbreviations used are: TNF, tumor necrosis factor, CHI, 
eyefoheximide; HPLC, high performance Squid chromatography, IL~ 
1, mterleukin 1; mAJb, monoclonal antibody; PBS, phosphate-tjufiered 
saline; PBS*, Dulbecco *e balanced salt solution; PGE& prostaglandin 
E*; SDSPAGE, sodium dodecyl enU^te-polyecryianude gel electro- 
phoresis; TBP, TNF-faindlng proteins; & TBP, polyclonal antibodies 
to the TNF-binding protein; IFN, interferon; Hepcs, 4-(2*hydroxy- 
ethyl)* l-pipersxineethanesulfonic acid. 


action. On the one hand, since the orUykrK>wnwt>icio nativity 
of TNF before its Isolation was Its ability to bll certain tumor 
cells (1-3), there has been a tendency to relate to TNF as a 
"killer" molecule. Accordingly, it has been suggested that TNF 
has an intrinsic destructive function (6-8) perhaps similar to 
that of some mscropbnge-|Rounced proteins shown to have 
cell-killing enzymatic activities (4, 5). Alternatively, already 
in early studies on TNF, it was proposed that this cytokine 
may have no activity of its own and that, rather, it exerts its 
effects via activation of cellular mechanisms, eventually lead- 
ing to cell death (7, 8). Findings reported after the isolation 
of TNF supported the latter concept It was then clarified 
that TNF not only kills cells, it has many other effects related 
to various aspects of the inflammatory response and that, like 
other cytokines, TNF binds to specific cell surface receptors. 
By inference from knowledge of the mods of action of other 
polypeptide cytokines, it was assumed that the signalling 
mechanisms for the cellular response to TNF cannot reside 
in this protein itself; rather, they should be expressed by the 
receptors to which TNF binds and by cellular components 
associated with them. In the present study, we provide evi- 
dence for this notion and show that effects that are charac- 
teristic of TNF can he mimicked with antibodies which bind 
to the TNF receptors. These antibodies were raised against 
two TNF-bindmg proteins which had been isolated from 
human urine (9-11) and are immunologically cross-reactive 
with two molecular species of the TNF receptors (the present 
study and Ret 12). The induction of TNF-like effects by 
antibodies reacting with one of the receptor species is shown 
to correlate with their ability to cross-link the receptor mol- 
ecules, implying that the mere clustering of these receptors, 
even in the absence of TNF, provides a signal sufficient to 
induce effects which are characteristic of this cytokine. 

MATERIALS AND METHODS 

CeQs 

Cells of the SV80 (13) and HeLa (14) hues and human foreskin 
fibroblasts, strain FSll, were cultured in Ehribecco** modified Eagle*a 
medium, HEp-2 cells (15) In minimal essential medium, and cells of 
the human histiocytic lymphoma line U937 (16) in RPMI 1640 
medium. AD media were supplemented with 10% heat-inactivated 
fetal calf senna, 100 unHa/m) penicillin, and 100 MgAnl streptomycin. 

Cytokines ■ 

Recombinant human TNF-a (rho TNF-cr 6 x 10 T units/mg of 
protein), produced by Genentech Co, San Francisco, CA. was kindly 
provided by Dr. G. Adolf, of the Boehriager Institute, Vienna, Austria. 
Recombinant human intarteukin lu (rhuEL-lo, 3 X 10 Y leukocyte 
activating factor units/mg of protein), consisting of the 154 carboxyl- 
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terminal Amino acids of the 271 -amino add human IL-1 precursor, 
was a gift of Drs. A. Stem and P. T- Lcmedxo (Hoirmann-La Roche), 
and recombinant human interferon--r (rWN-7,5 * 10 T umts/mg of 
protein) was a gift from Dr. D. Novick of our department. 

Rodiokbelin& of TNP and TBPI 

Both proteins were labeled with ,n I by the duoramine-T method 
as previously described (17). Specific radioactivities were 120 jsCi/jig 
of protein for rhu TNF-or and 230 oCi/jig of protein for TBPL 

Rabbit AntUera 

Purification of the TOT4mvJing proteins TBPI and TBPII from 
human urine and immunization of rabbits with the purified proteins 
were performed as described elsewhere (12). The titers of both anti- 
sera, to TBPI U TBPI) and TBPII (a TBP11), as qoantitatad by 
determining th« dilution at which they inhSbitby 60% the binding of 
in I-TNP to HeLo and U937 cells, napecuvdy. were about 13400, 
Rabbit antiserum to TNF-a was kudfy provided by Dr. IX Maennat, 
of the German Cancer Research Canter, Heidelberg. Federal Bepubfic 
of Germany, and the antiserum to the IFN-r receptor eras a gilt from 
Dr. D. Novick of our Institute. Rabbit anti-mouse immunoglobulin 
antiserum was purchased from Jackson ImmunoReaearch Laborato- 
ries, Inc. (Westgrove, PA). Goat anti-rabbit immnnoglotuun anti- 
serum was obtained from Btomakor (Israel). 

Preparation of Monovalent PCab) Fragments of the 
Rabbit Antibodies to TBPI 

The immunoglobulins were purified from the i TBPI antiserum 
by ammonium sulfate precipitation (at 50% saturation) followed by 
anion exchange hlghp erfo rnmnce liquid chromatography (HPLC) 00 
a Mono Q column (Pharmacia, Uppsala, Sweden; elution was accom- 
plished using a gradient of 0-500 mat NaCl In 10 mM sodium borate 
buffer* pH 9.0, containing 0.02% sodium aride). 

Digestion of the purified unmuirngtobulins with papain (twice 
crystallized, obtained from Sigma) (18) was carried out in the presence 
of 1 mat cysteine and 2 mM EDTA at an enzyme/substrate ratio of 
1:100. The reaction was terminated by adding p-chlcromercuriben- 
zoate to a final concentration of 1 mM. The monovalent F(ab) 
fragments were purified by cation exchange HPLC on a Mono 8 
column (Pharmacia LKB Biotechnoloay Inc.) (with a gradient of 0- 
300 dim NaCl in 10 mM sodium acetate buffer. pH 5.5, containing 
0.02% aside). Purity of the immunoglobulins and of their monovalent 
F(ab) fragments was verified by SDS-PAGE analysis under both 
reducing and nonredudng conditions. 

Monoclonal Antibodies to TBPI 

Production of the Antibodies— BKLbfc mice (8 weeks old, female) 
wen? injected four times with 1 ug of purified TBPL The protein was 
first injected into the hind footpads in the form of an emulsion in 
complete Freund adjuvant. Three weeks later, the animals were 

- injected sobcutaneousry in the back with TBPI in incomplete Freund 
adjuvant. The following two Injections of TBPI in phoapnate^buffered 
saline (PBS) were given subcutaneous ly in weekly Intervals. Final 
boosts consisting of 9j0 jxg of TBPI in PBS were given 4 days 
(mtrsperitoneaHy) and 3 days (intravenously) before fusion, which 
waa performed as described before (19), using NSO cells (20) and 
lymphocytes prepared from both the spleen and local bird leg lymph 
nodes as fusion partners. Hybrtdomaa were selected in Dulbecco'e 
modified Eagle's medium supplemented with hypo jcanthme/ami nop- 
terin/tbymidine medium, 15% hone serum, and gentamycin (2 $x*J 
ml). Those that were found to produce antibodies to TBPI were 

. eubcloned by the limiting dilution method and injected into BALb/c 
mice that had been primed with Pristane (2j6,l0.14-tetramethylpen- 
tadecane, AMrich) for the production of ascites. Immunogtobulins 
were isolated from the ascites by ammonium sulfate precipitation (at 
50% saturation) and then analyzed against PBS containing 0.02% 
azdde. Purity was approximately €0%, as estimated by analysis on 
SDS PAGE and staining with Coomaseie Blue. The isotypes of the 
antibodies were determined using a commercially available enzyme- 
linked immunosorbent assay isotyping kit (Amersham). 

Inverted Radioimmunoassay for the Detection of the Antibodies — 
This assay was used for estimating the level of anti-TBPI antibodies 
in the sera of the immunized mice and to screen for hybridomas 
producing such antibodies. Polyvinyl chloride 96-well microliter 
plates (Dynatech 1-220-25) were coated for 12 h at 4 *C with affinity- 
purified goat anti-mouse F(ab) immunoglobulins (Btomakor, Israel; 


10 jig/ml in PBS containing 0.02% NaNi), then blocked for 2 h at 
37 *C with 05% bovine serum albumm In PBS supplemented with 
OJ06% Tween 20 (Sigma) and 002% NaNi (blocking buffer) and 
washed thxee times with PBS containing 0l05% Tween 20 and 0.02% 
NaN, (washing buffer). Samples of serum or of hjbriuoma growth 
medium (GO jd) were incubated in the wells for 2 h at 37 *C The 
plates were then rinsed with washing buffer, and "*! -labeled TBPI 
(100,000 com, in blocking buffer) waa placed in each welL After 
further incubation for 2 h at 37 *C, the plates were washed and the 
amount of label bound to izxfcvidual well* was o>termined using a 7- 
counter. 

Epitope Mapping of TBPI by Crw-compctithn Analysis with 
Monoclonal Antibodies— Polyvinyl chloride 96-well microliter plates 
were coated as described above, with purified mAbs to TBPI (25 ftgf 
ml). Following rinsing and blocking, samples of ut I-iabciad TBPI 
(SOyOOOepm/weB) whkh had been preinnihstad for 2 b. at 37 *Cwith 
the same or a different monoclonal antibody to TBPI (at 1 ag/ml) 
were put into the wells; the plates were incubated over night at 4 *C 
and washed, and the radioactivity bound to each well wax datarminad 
by ^-counting. Tha results are esnresaed aa pe rce nt of the control 
values (TBPI binding in the aheence of competing mAba). 

£0ect of the Antibodies on Binding of TNF to HeLa Ceflt— HeLa 
ceUa were seeded into 15-mra tissue culture plates at a density of 2-5 
x 10P cxlls/weiL After 24-h incubation at 37 «C m en atmosphere of 
96% air and 5% CO* the cells were transferred to ice, the growth 
medium waa removed, and the antibodies, diluted in Dulbecco'e 
balanced salt solution (PBS*) containing 05% bovine serum albumm 
and 0.1% sodium aside (PBS/bovine serum albumin), were added to 
the ceUa for 2 h. The cells were then rinsed and tested for binding of 
TNF as described elsewhere (21). 

Crc**4inlung of TNF to Intact CeUa 

HeLa cells (5 x 10*, detached by incubation with PBS containing 
5 mM EDTA) or U937 cells (L5 x 1(f) were washed two times with 
ice cold PBS/bovine serum albumin and resuspertded in this solution 
(10 ml) containing 3 nM radiolabeled TNF for 2 h at 4 The cells 
w«re then washed three times with PBS 4 * and treated for 20 min at 
4 *C with 1 mM concentration of the croea-lmking agent 
bis(suffc<ucdmmidyl)snberate (Pierce) in the same buffer. Cross- 
finking was stopped by adding Tris-HCl and glycin HQ (both to a 
final concentration of 100 mM) fouowed by three washes with PBJT- 
Tbe ecus were then pelleted by centrirogation at 500 X g for 10 min 
and extracted for i h at 4 *C using 2 ml of a eohitton containing 20 
mM Hepea, pH 7.4. ISO mM NaCl, 1% Triton X-100. 10 mM hem- 
emidiae (Sigma), and 1 mM-pherudmethylaulfonyl fluoride (Sigma). 
After centrirugation (at 30,000 xg for 15 min), the cell extracts were 
divided into 4 equal portions and a sample of antiserum waa added 
to each at a dilution of 1:100, followed by Incubation for 12 h at 4 "C. 
Precipitation was achieved by addition of 20 jd of protein A*Sepharoae 
(Pharmacia). After a 30-min incubation, the Sepharoae beads were 
washed three times with 10 mM phosphate buffer, pH 7.2. containing 
1% Triton X-100 and 2 M KO U ml) and then twice with PBS* (1 
ml). The beads were resuspended in 20 *1 of sample buffer containing 
4% (w/v) SDS and 6% ( v/v) g»mecaptoethanol and bolted for 2 min, 
and the supernatant waa analyzed by SDS-PAGB (7,6% acrylarnide) 
followed by autoradiography. 

Determination of BioactwitUi of the Antibodies to TBPI and of TNF 

Cytotoxic Activity 

Cells were seeded 24 h prior to assay in 06-weQ microliter plates 
(3 X 10 4 cella/weH). The antibodies or TNP were applied in aerial 
dilutions either in the presence or absence of cydoberimide (CHI) 
(25 naJvcA in the case of the HeLa cells and 30 #nj/ml for the other 
ecus). After an incubation period of 12 h for the HeLa cells and 16 h 
for all the others, cell viability was determined by the neutral-red 
uptake method (22, 23). Values, are presented as the per cent ratio of 
the viability of cultures incubated with CHI alone (for cella tested in 
its presence) or without additive*. 

Induction of PGE % Synthesis— Cells were seeded In 96-well micro- 
liter plates (5 x 10* ceUs/well). Ten h thereafter, TNF and the 
antibodies were applied in serial dilutions. After further incubation 
for 15 h at 37 *C, the cell growth medium was collected and replaced 
with fresh medium containing araemdonic acid (5 x 10"* M). One h 
later, the medium was collected again- The PGEz content of the 
samples was determined by immunoassay as described previously 
(24). 
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tracta^lbamd^edca&onalsS^^ the tanittotthdr aisffi^ 



jakjyfttuberete «d fapmanqpaqp S iy rt fo ft yith rabbit aatfapza (to ajpndt6J>eao^jif«jBca^ houra after 

Fcx^wipaiton. *l-labekd TOPwat ow^fioW to fteatt OWF ^^J^ t ™^£S^ ^LS!T^ ^S^T 

«94CaemuidcA*]y^oii^«(gB?^ zatioc pyao<^jnmlatotrto tae cytocKtnl e tma of w Cui. 

qD«f£A*dpitKfac^ ^tdMbd 28) »»d Table Q. Tkta, the rnitihodreis like TNF, could be 

ntAtratf. pmcbated from toawhan b either cytotoxic to ceUaior indnea In thamietietaaeetoffcatr 
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Fic. 2. Epitope mapping of TBPI by cfosw-cornpetltion analysts witfc different mAbe and correlation 
with tin ability or the antibodies to suppress binding of TNF to HaL* cells and to mediate TNF-like 
cytotoxicity. Binding of radiolehel c d TBP1 to the mAbs (appfod at a saturating concentration, 200 n^/ml) in 
the Inverted isdwimmunosseay, crees-oosmetition analysis of the mAbs for their binding to TBPI and deUrmi- 
nsJionofthesuectofthem^ 

and Methods.* The TNF-like cytotoxicity of the sntibocnee was measured in two way*. In the first, i-Ig) f SVB0 
cells were incubated for 16 hat 37 *C with the mAbs in the presence of CHI (60 #oj/ml). In the second, (+anti lg\ 
the effect of cross-Unking by and-imrnunoglobulin antibodiea on the cytotozity of the mAbe wee tested. In this 
case, the SV80 cells were pitse- treated with the antibodies for 2 h «t 4 *C, rinsed, and further incubotod for 16 h 
at 37 *C with rabbit anti-mmiae F(ab), antibodies (-hma" fc) in the presence of CHL Cell viability wea determirxed 
as described under "Materials and Methods.- The cytotoxic activity of the antibodies b expressed in TNF 
equivalent unite per mg of irnmunotjntalin where 1 TNF equivalent unit is defined sa the amount of antibody 
exerting the same cytotoxicity at 1 unit/ml TNF (16 pg/ml) (n.c£c* not cytotoxic). 



serum dilution 


TNF concentration (pgftnl] 


Flo. & The cytoddal effect of the antibodieo to TBPI {A) and of TNF (B) on SVeVO (O, •), HeLa (□, 
■), FSll (A, A), and HBp-2 (0, ♦) cells. The atflhodtoa and TNF ware applied for 16 h (12 h for the HeLa 
cell*) together with CHI (25 pg/ml for HeLa and 50 jig/ml for all other colli). Coll viability was « pis«tjfr iftd by 
maturing the uptake of neutral red dye. Viability of ceils incubated with snti-TBPI at 1:200 in the absence of 
CHI was 99% in the SV80 cells, 97% in HeLacefla,98% in FSll colli, and 96% in the HEp-2 cells. Normal rabbit 
Serum in the range of concentration! of & TBPI applied in this study had no effect in this experiment nor in any 
of the other experiments presented below. AH testa were performed in duplicate. 


own toxicity, depending on whether they were applied in the 
presence or absence of protein synthesis inhibitors. 

(d) Resistance to the toxicity of both the antibodies and of 
INF was induced in the SV80 cells also by pretreatment with 
IL-1 (Table II, see also Ret 28). Furthermore, the antibodies 
and TNF could induce in these cells cross-resistance to each 
other's toxicity (Table ID. 

Further examination of the effect of antibodies to TBPI, 
when applied on cells in the absence of protein synthesis 
blockers, revealed that under these conditions the antibodies 
mediate several noncytocida] TNF-like effects. In the foreskin 
fibroblasts and HEp-2 cells, which are quite resistant to TNF 
cytotoxity, as well as in the TNP-sensitive HeLa cells, the 
antibodies, similarly to TNF (29), had a marked stimulatory 


effect on the synthesis of prostaglandin B> (Fig. 4). In both 
cases, effects were particularly prominent when arachidonic 
add was added to the cells, suggesting that it reflects an 
increase, not in the release of arachidonic add, but in its 
conversion to prostaglandin. An additional TNF-like offset of 
the antibodies in the foreskin fibroblasts was enhancement 
of thymidine incorporation (Fig. 5), apparently reflecting 
stimulation of cell growth. Like the growth-stimulatory effect 
of TNF, the stimulation of fibroblast growth by the antibodies 
was obliterated when the cella were treated simultaneously 
with IFN-r (Fig. 5). 

In HEp-2 cells, TNF suppresses the growth of chlamydias, 
obligate parasitic bacteria which grow intrecairularty within 
menibrane-bound structures (26). As shown in Fig. 8, growth 
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Table I 

Time-depcruUnt itnsitia&on cfSYSO ctU$ to the cytoddal effect of 
TNF or antibodies to TBPL by CHI 

SV80 ceus were incubated for 16 h with TOF or the antibodies to 
TBPL CHI (50 pg/ml) was added to the culture at tune zero or at 1, 
3,OT6hafUrappttcati£mafTNFOT 

dstermiaed at the end of the incubation period by the neutral red 
uptake method. 


Grt viability 

TtoMof CHI application 

TOF (100 cnto/mD I TBPl (1300) 



ft 


Shnuhaneoualy with 2 TBPI/TNF 

<3 

<l 

+lb 

<1 

<l 

+3h 

41 

49 

+6h 

77 

73 

Not added 

100 

100 


Table H 

Induction of rtttMtaiux to the cytoddal effect* of A TBPI or TNF by 
TNT itself, i TBPT. and tt-I 

SVBOeeUa w«ze treated for 1 h with TNF, EL-l,aTBPI or without 
additives and Incubated farther for 6 h in median* atone to allow full 
recovery of the TNF recaptors (p r etra aU ue a t). The ottli were thro 
incubated tot 12 h with TNF or i TBPI in the pretence of CHI or 
with CHI akme (treatment). While without any pretreatment most 
cell* were killed when incubated with TNF or I TBPl together with 
CHI, cell* which were first incubated with TNF, IL-1, or s* TBPI in 
the absence of CHI were largely resistant to subsequent treatment 
with TNF or i TBPI in the presence ofCHL 


Pietctotatat (for 6 b) 


Treatment 


TNF (100 
onitt/ml) 

nviao 

ft TBPI 

a^soo) 

CHI(SOnc/ml) 

100 

91 

95 

85 

TNF(10*uniti/ml) 

8 

82 

82 

71 

i-CHl 





i TBPl (1:200) 

9 

89 

84 

ND" 

+cm 






•ND, not determined. 



Afc • • « • • • • « ■ « • • •« « * 

Mtessstasmi * m mm 


Ftc. 4. Enhancement of FOB, tynthesif by the antibodies to 
TBPI and by TNF in HcLa, HEp-2, and Fail cells and its 
ejxgmentationfay arschidonic acid (AA. 80 *M). For details, see 
"Materials end Methods * 

of chlamydias in these cells was also markedly inhibited by 
the antibodies to TBPl. Inhibition of chlamydial growth by 
TNF is synergistic with the antichlamydial effect of IFN-7 
(26) and is largely abrogated when the HEp-2 cells are grown 
in the presence of increased concentrations of tryptophan 


(30). The antkhlainydial effect of the antibodies to TBPI was 
affected by IFN-7 and tryptophan in a similar manner (Fig. 
6). 

The TNF-Uke Activity of the Antibodies to TBPI Correlates 
with Their Ability to Cross-link the TNF Receptor Molecules— 
To explore the mechanisms for the TNF-like activity of 
antibodies to TBPI, wo tested the effect of monovalent F(ab) 
fragment* of a TBPI on cell function. Like the intact anti- 
bodies, the monovalent fragments effectively blocked the 
binding of radiolabeled TNF to cells, suggesting that they 
maintained the ability to bind to the cell surface TNF recep- 
toxs (EC*> was about 0.8 ng/ml for the intact antibodies and 
1 ng/ml for the monovalent fragments). However, while in 
thefr intact rlona the an^ 

SVS0 cells at concentrations as low as 0.1 jig/ml, the mono* 
valent F(ab) fragmenta of the antibodies did not exhibit toxic 
effects (Fig. 7A). Indeed, by virtue of their ability to inhibit 
the binding of TNF to cells, the monovalent F(ab) fragments 
not only failed to kill the SV80 cells but even had some 
inhibitory effect on their killing by TNF (Fig. 7C). 

To check whether this leas of TNF-like activity in the 
fragmented antibodies was related to their rnonovalence, we 
investigated whether cross-linking of the F(ab) fragmenta 
would molt in resurgence of their cytotoxic activity. It had 
been shown previously that pulse treatment of SV80 cells 
with TNF at 4 # C, followed by focubatson with CHI at 37 *C 
is sufficient to cause cell death (31). The intact antibodies to 
TBPl were also cytotoxic under these conditions (compare 
solid and empty circles in Fig. 7A), while monovalent F(ab) 
fragments were not cytotoxic. However, when the F(ab)- 
pretreated cells were treated subsequently with goat antibod- 
ies to rabbit Ig to elicit cms-Unking of the cell-bound anti- 
body fragmenta, extensive cell death occurred (Figs, IB and 
8). 

To further study the molecular requirements for triggering 
TNF-like biological activities with antibodies to TBPt we 
checked whether mAhs against TBPl mediate TNF-like cy- 
totoxicity. Two experimental approaches were taken: in the 
first, the antibodies were tested for cytotoxicity to CHI- 
treated SV80 cells without any further treatment (Fig. 2. 
-ontile) and in the second, the cytotoxicity of the mAbs was 
tested after crosa-Unking them with anti-mouse immunoglob- 
ulin antibodies (Fig. 2. +ontf Ig), As noted above, all mAbs 
tested appeared to bind to the type I TNF receptors. However, 
only 2 of the 17 mAbs had mild cytotoxic activity on SVfiO 
cells (Fig. 2 and data not shown). This difference in biological 
activity among the mAbs could not be correlated with their 
tsotype nor with their binding capacity in the inverted radio- 
immunoassay (Fig. 2). It did appear, however, to relate to the 
binding site of the antibodies on the receptor molecule. In 
cross-competition analysis, the two cytotoxic antibodies were 
found to bind to the same epitope region in TBPI (A in Fig. 
2), whereas none of the other antibodies bound to it In 
retesting the effect of the antibodies after cross-linking them 
with antiimmunoglobulin antibodies, we found them all to 
be highly cytotoxic, to an extent which appeared roughly 
proportional to the effectiveness with which they bound TBPI 
(compare in Fig. 2: cytotoxtiy + anti Ig to the TBPI binding 
in inverted RIA). 

In testing whether different mAbs to TBPl can supplement 
each other in mediating TNF-like cytotoxicity, we found that 
mixtures of two mAbs mapping to different epitope regions 
on TBPI were highly cytotoxic to SV80 cells. For example, 
mixtures of the mAb 18 (epitope region B), which is not 
cytotoxic by itself, with the noncytotoxic mAbs 20 or 34 (both 
epitope region C), exerted strong cytotoxicity (approximately 
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FIG- 5. Growth-stimulatory ef- 
fect of the antibodies to TBPI (A) 
and of TNF (fl) ob human fibro- 
blasts and Its reversion by DPN->, 
Human foreskin fibroblasts (straw 
FSU) were incubated for 3 days with tht 
estibodiet to TBPI (□) or with TNF (OX 
in the presence (■»•) or absance (0,0) 
of IFN-j (250 units/ml). At tbe end of 
this incubation period, the rate of (*H) 
thymidine incorporation was determined 
as described under "Materials and Meth- 
ods." 



(poftnq 



Ftc. 6. The anticblamydial effect of the antiserum to TBPI, 
enhancement of the affect by IFN-y, and its abolition at a high 
tryptophan concentration. The effect of the antiserum, at the 
indicated dilutions, in the presence (•) or absence iO) of IFN-y (2 
units/mil was quantitated as described under "Materials and Meth- 
ods* Increase of tryptophan concentration (at the time of infection 
of the cells treated with a TBPI) from 10 ag/ml to 200 ng/ml abolished 
the auticbJamydial effect (4). 

3X10 8 TNF equivalent imits/mg of Ig; see Fig. 2 f or definition 
of units). Mixtures of two mAba mapping to the same epitope 
region were not more cytotoxic than each mAb alone. 

DISCUSSION 

Findings presented in this study provide further evkfence 
for the immunological cross-reactivity between ceil surface 
receptors for TNF and the two TNF-binding proteins found 
in human urine; they also demonstrate tbe use of antibodies 
against the soluble TNF-binding proteins as a technical aid 
in exploring tbe mechanism of TNF function. 

The correlation demonstrated in this study between the 
efficacy of antibodies against TBPI and TBPO in suppressing 
the binding of TNF to its receptor in different cell lines and 
their ability to hnmunoprectpitate these receptors indicates 
the existence of two immunologically distinct TNF receptors 
which are differentially expressed in cells of different lines. 
As has been recently noted In another study (32), there is also 
a size difference between the two molecular species of TNF 
receptors. The estimated sizes, as measured by SDS-PAGE, 
are 58 kDa and 73 kOa for the receptors recognized by the 
antibodies to TBPI (type D and TBPD (type IT), respec- 
tively. 

Polyclonal antibodies to TBPI are highly cytotoxic to TNF- 
sensitive cells which express tbe type I receptors; moreover, 
they elicit several noncytocidal effects which are characteris- 
tic of TNF. Cell specificity of the response to die antibodies 
and the ways in which this response was modulated were very 
similar for TNF. Thus, we found differences in sensitivity to 
the cytotoxity of the antibodies among cells of different tines 
to be well -correlated with differences in their sensitivity to 
the cytocidal effect of TNF, as were induced variations in cell 
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Fic. 7. Lack of cytocidal activity In monovalent F(ab) frag* 
menu of the antibodies to TBPI and recovery of that activity 
by cross-Unking the F(ab) fragments with anU-imrnanoglob- 
alin antibodies, A, the cytocidal effect of a TBPI unmonogtobulins 
(Q) and of their monovalent F(sb) fragments (0) at different concen- 
tration*, when applied to SV80 cells for 16 h together with CHI (SO 
eg/ml). Titration of the cytocidal effect of "pake* treatment with the 
a TBPI immunoglobulins (•) was performed as follows. Tha cells 
were incubated with the antibodies, at the indicated concentrations, 
for 2 h at 4*C, and then rinsed and incubated at 37*C for an 
additional 16 h with CHI (50 f*/ml) with no further addition of the 
antibodies. B, effect of goat antibodies to rabbit imronnoglobuUns 
when applied (at ft ng/ml) to SVS0 cells after pulse treatment with 
the monovalent F(sb) fragments of the & TBPI (•) or to untreated 
ceils (O). The puke treatment with the F(ab) fragments was per- 
formed as described for the intact immunoglobulins in A Q protection 
from TNF cytotoxicity by the monovalent fragments of the antibodies 
to TBPI: SV80 Cells which were pulse treated with the F(ab) fag. 
meats, as in {B) (•), and. for comparison, cells treated in the same 
way with medium alone (O) were further incubated for 16 h with 
TNF, at various concentrations, together with CHI (50 sg/ml). 
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may bo jut a reflection of differences Id configuration*! 
leatramts which these enjfpQdisa impose on the receptor 
molecule (30), Thus, the configurations! restraints imposed 
on the TNF receptor by bino^ 

A may be more favorable to stimulation of tin recvptara upon 
their dnnerixaticm thsn thou* impoaedby binding of antibod- 
ies to other parts of the receptor molsrole. 

Regardlesf of whether or not the presence of a mnl#n.u r 
stiucture renrtnnli ng TNF is involved in the TNF-lifce activity 
of mAhe 17 and 23, several points make it desx that antibodies 
can rasdiata such TNF-ilke activity even when Obtre is no 
such iss^ssbluBps* 

(a) Monovalent F(eb) tegmenta of the poryesonai antibod- 
ies to Tmaventboe^ 


PlC flu 

monovalent! 

v^a^c^tottesvafrc^ 

eg S ggM moyrdhy mu^py «s3 toAfttjoq fir ffi •* 37 *>m 
the preBSscs of w$b or without fosjrsnjKs^sjbo^l taO- # *f/nU), 
All tfthafr tonifit&mtf artli* i itl tfa l^rnd to 

H* ^ P iO ttjgn^ Wtre taken at a tii sg muoifim of X125 after 


wool** to TK^nnd the s ^tbo dl ei , Mibltion of protein 
jp^sthoga' ny CM senaffiaedioaTia ta the cytoddal erleci oftha 
agonies as also to that of TOR la the absence of protaui 
aynthesu inHbitora, ths^Vffi) tens respo n ded to treatment 
with the antibodBfie, «c jj^ with increased resistance 
toa-anbse m i an ticl^ ^ + CHI ox W$k 

TNiF + CliLttho moduittion of ooncytotoooo ICrW-l&ft ac- 
tivities of ti» aritfbodiBtfby fnrJc*is amenta, xncfndfnif IPN-7, 
arashifo a te agH tmt tftjffi ep he a , afro Tttsomfeie4 ft* way 
tbeae agents nsodnfc&eihe scaler oJTOP. 

these ^borretat^ 
tional aiterultaa which tha itnAodfes induce m. calls an 
ifatffcal wartimes 

Studies, mi Bgs^ affects oj antiriodWto other 

reoeptors niri ica tfr twn posa^ for such effects, 

^linti^maystnirei^ 

rsfoltttha e$oaSa^ 
toemai SffljSgfr, s structure Antieel with thai of the 
agonist* Altarnathfciy, the. activity of the antibodies may 
shup$$ reflect atgEfityJto crosslink Chferecgptor mole* 
co^^^WLl^o^m srampiae of the latter mechanism are the 

m response io aggregatwUgB ^^riiastEsitilatkm oT'Tcsfls 
by autogenic lectins and the induction of insulnvKke 
effects by antibodies orlecth^wbichmtBrsct whb tbn insufin 
receptor (36). 

Among the 17 monockoni snti-TBPI antibodies tested, 
only two, 17 and 23, loaefitied TNF-uTce activity without 
finther acaswiinfeing them with arUj-hnmnnogfa^THn anti- 
bodies. Thi* activity Was much weaker man the cytoddal 
effect observed when these antibodies were aoss4h*ed with 
the use of anfi-IgarrWbcdlee. The met that these two antmod- 
iaf inarmed both to the same -eprtnpa Region and that this 
rattan (A. Fig. 2) b distinct from those to which all other 
antibodan were bound suggest tl^^m^ot tbe above two 
me chanisms b tnvohed in their function. However, ai has 
been proiweed in a atony on the I^E-like soiivity of mono- 
clonal ontibodiea against the Fc receptoiB of roast cells, dif- 
ferences in ability of antibodies tooxertan agoaisi>UkB effect 


(a) TCm> monovalant ftagmaota «*s^TNF^iks activity 
waicAwwfclhiW wltt *^J*«r«*™«ihp*Mw* ajBBbacBai 

ft) Qrbes-Bnkiiig wStib a^nnnm^lob^ antibbdlea en- 
doi^ also temAte to THPIwttha potent^ 

(4 ^ alMi^of cross4&ke^ mAbs to ri^^et* TPF-like 
cytotxudc^ la mdepemisoi of the epitope on the. rncaptor 


(si The efficacy wta aemml ariSbomssj to TBPI insdiate 

agfxegfltSon they can obqssv To^vxAnnd anfiDbomos and mix- 
toss of monocbj^ wt&c^ a^siittipttiftlfer ant* 
topes m the recepte;wiiiflb potentmBy can censa waaha 
a^a^ation of ^ 

tive than fiBtfa laAbt^ which at most can censa dhnetnatmn 
oCthezecepbore* 

The. abdva oteervaiianfl suggest that aggregation- of the 
IMF wcaptors* im^ectiva of tfce #^thi nioaptor 
to wbic^^bav ttgsm^^oi binds, atiffidsatby kaalf to 
trig^nT5^j^«f6scL 

sJinaSimg me c h a mtTn . oak as^y to -alptiyelfe^ receptors by 
artificial maamv such as anU-receptor antibodies^ bat aiao tn 
rtnmdath^'tibeso r eoe ptois by ti^eb nslb^tsl ep&n^ts. For 
srsmpta) avn&nos baa bean ptaaanad tot ^ihs spjdannaj 
growth: factor <EGF) ases^lora, l&Kkm ftnnuiated whan 
aggregated wltb anti-receptnt JMpab o mei «tgrcgste in 
response tp/gQ g 6^ In tins ooiffi^tfmp* 'ft cjf fan^at to 
note that TOT «xlfiism,dbgqmeric forms, oreiera a^ixuncra, 
andthat,mHanipttBneriofo^ 

t^al a^feity C3S-42). Thai diB«*nw» fea^iv^batw^ nmn- 
oroaria and oGgomerio TNF waa ascribed to. a dacraased 
afMty Of tha monomer* t9 the receptors (4Cft. It h 
tempting to speculate that, maom^ic^^lowar activity of 
TOT* mooouMua taflgcts bVBpeooVinca, of tibe .^aajc^fltt of ^^?F 
on dnstermg of the TOP receptors, and that it » Qio associ- 
ation betwaentbe 'W? protomars which impoeos-tbs duster- 
tng of the: raoeptors. 

Becanaa of oar particular interest in tb^^focidal effect 
which T&F ttiBalates end in itaihit^an, race Um cafls 
used m our prior sturfies of TOrVmsdzated cytotoxicity ex- 
press, pnoeen% f the type 1 receptors, ws hsrre focused on 
e rsmfning the effects which airtihodtsa against TBPI can 
have on cells, h remains to ha de^arntraad isWber afreets 
memamd by the type nraceptbts, wJn^ch ara unmunoloajcally 
cross-reactang wttJi TBPII, can also be mlrojclcedwftb anti- 
receptor antibodies. Moreover, it ia not certain whether all 
effecta nrediated by the type I x ao gpfa o r axe Inducible by 
antmocres. However, it it cjoer fi^m4ha data presented in 
this study that sevaral different efie^ 
wav y innlnd i n gsog>e which are depe n clen^onlteotem 
and at least one which U indspendenft of iLCatt killing by 
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TNF occurs independently of protein synthesis. It is antago- 
nized by mechanisms which do depend on the synthesis of 
proteins and which may themselves be enhanced by TNF (23. 
27). Both the protein syirthesisHndependent, cytotoxic effect 
and the protein synthesis-dependent, induced increase in 
resistance to TOT tosicrtycouM to 
ies to TBPL Induced proteins are also involved in other TNF 
effects which these antabodiffl mimicked. Increased PG&t 
synthesis in response to TNF can be blocked fay protein 
synthesis inhibitors and is apparently mediated by an increase 
in the enzyme prosta^wndin^doperoxide synthase (43). The 
antichlsrnyxfial effect of TNF involves the (unction of IFN-r 
and of enxyme(s) which degrade tryptophan, perhaps indole- 
amine 2^-dioxygenase (30). The rnechanlsme tor the growth- 
etimnlatoiy effect of TNF in fibroblasts are not known* but 
the effect was shown to be correlated with enhanced synthesis 
of epidermal growth factor receptors (44). 

Induction of TNF-like effects in the absence of TNF itself 
may not necessarily be restricted to the in vitro conditions 
defined in the present study. One obvious in vivo situation in 
which this phenomenon may well occur ta in autoimmune 
disorders, where antibodies to a variety of self-antigens, in- 
cluding certain cell surface receptors, are produced (45). It 
would be of great interest to ascertain whether, in any such 
disease, autoantibodies to the TNF receptors or to their 
soluble forms are formed, and to define the extent to which 
these antibodies, by mimicking the effects of TNF, may 
contribute to the pathogenesis of the disease. The finding 
that effects characteristic of TNF can be induced in its 
absence may have even further bearing on their physiological 
and pathophysiological significance. Not only antibodies 
which bind to the TNF receptor, but also other agents, patho- 
genic, like components of viruses or bacteria, or physiological, 
such as cytokines whose receptors interact with that of TNF, 
may be able to perturb the structure of the TNF receptor in 
a way resulting in activation. It has been recently reported 
that a cytocidai effect, similar to that of TNF, can be elicited 
in certain cells by antibodies which bind to a cell surface 
protein which is distinct from the TNF receptors and yet 
appears to be associated with them (46). We may thus expect 
that the spectrum of physiological and pathological situations 
involving effects characteristic of TNF will turn out to be 
much wider than the range Of situations in which TNF is 
actually present 
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